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and the HPIV L protein. • In another embodiment, the system further comprises a support clone which comprises a nucleotide sequence 
that encodes the HPIV NP protein. The present invention also provides a clone which comprises a nucleotide sequence encoding the 
full-length, positive sense, anti-genome of HPIV-3. The clone also comprises an RNA polymerase promoter operatively linked to the 
HPIV-3 antigenome-encoding sequence. In a preferred cmbodiement, the clone further comprises a nucleotide sequence which encodes a 
ribozyme immediately downstream from the sequence encoding the HPIV-3 anti-genome. The present invention also relates to a method 
of preparing recombinant HPIV-3 virus having site-specific mutations in the HPIV-3 genome. The method comprises preparing a clone 
comprising a modified HPIV-3 antigenome-encoding sequence; introducing the modified HPIV-3 clone and support clones which comprise 
nucleotide sequences encoding .an HPIV-3 P protein, an HPIV-3 L protein, and, preferably, an HPIV-3 NP protein into host ceils; and 
culturing the host cells under conditions that allow for synthesis of the modified HPIV-3 antigenome and the L, P, and NP proteins of 
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An Infectious Clone for Human Parainfluenza Virus Type 3 / 

i . 

This work was supported in part by National Institutes of Health Grant No. 32027 from the 
Institute of Allergy and Infectious Diseases. The government may have rights in this invention. 

BACKGROUND 

Recognized in 1956 as a cause of respiratory infection in man, human parainfluenza viruses 
(HPIV) are believed to account for 4 to 22 percent of the respiratory illnesses in children, second only to 
respiratory syncytial virus in this regard. HPIV are important causes, of the lower respiratory tract diseases 
such as pneumonia. and bronchiolitis, and are the most common cause of croup in young children. Of the 
four HPIV serotypes, 1-4, type 3 virus (HPIV-3), appears to be the most virulent, frequently causing 
bronchiolitis and pneumonia during the first month of life. 

Unfortunately, effective vaccines or antiviral therapies,- which can be used to prevent or treat 
HPIV-induced infections, are not presently available. Standard methods which are used to produce inactive 
viruses, such as heat inactivation or chemical treatment of the vims, have been unsuccessful with all HPIV 
strains and serotypes, including HPIV-3. Moreover, standard methods for producing attenuated viruses 
produce mutations at random sites and do not allow one to modify the HPIV genome at specific sites or to 
control the number of mutations that are introduced into genome. - 

Human parainfluenza viruses are enveloped, single-stranded, negative sense RNA viruses that are 
members of the paramyxovirus genus within the family Paramyxoviridae, Replication of the human, 
parainfluenza viral genome (vRNA) is similar to that of other members of the Paramyxoviradae family. 
Upon infection of a cell, transcription is the major RNA synthetic event, resulting in the production of the 
viral mRNAs from the negative-sense genome, J.e., the vRNA. Later in infection a transition to RNA 
replication occurs, resulting in synthesis of a full-length, antigenomic, positive-sense RNA, which serves as 
the template for synthesis of additional negative-sense genomic RNA. Transcription and replication of the 
genomic RNA is dependent upon formation of a ribonucleoprotein complex (RNP) consisting of the 15462 
nucleotide genomic RNA encapsidated by the nucleocapsid protein (NP), and the closely associated 
phosphoprotein (P), and the large (L) polymerase protein. Several host cell factors are also involved in the 
replicative cycle of HPIV. 

The requirement for an intact RNP for HPIV has hindered analysis of HPIV transcription and 
replication in a cell-free system. Efforts to encapsidate HPIV-3 vRNA in vitro have failed, and unlike the^ 
positive sense RNA viruses, naked HPIV vRNA is not infectious. Moreover, there currently are no known 
systems for preparing recombinant HPIV, including recombinant infectious HPIV-3. 
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Accordingly, there is a need for new reagents, systems, and methods that enable one to produce a 
recombinant HPIV, particularly a recombinant, infectious HPIV-3. Recombinant systems that permit one 
to introduce one or more site-specific mutations into the genome of HPIV, particularly HPIV-3, are 
desirable. Recombinant systems which allow one to characterize' the effect of site-specific mutations on 
5 the transcription or replication of human parainfluenza viral RNA and to identify the site specific mutations 
which lead to the production of attenuated HPI V are especially desirable: 

SUMMARY OF THE INVENTION. 
In accordance with the present invention a system for generating recombinant, human 
10 parainfluenza virus, particularly infectious, recombinant, human parainfluenza virus type 3 (HPIV-3) is 
provided. In one embodiment, the system comprises a clone comprising a nucleotide sequence that 
encodes a full-length, positive sense, anti-genome of HPIV, and at least one support clone comprising a 
nucleotide sequence that encodes the HPIV P protein and the HPIV L protein. In another embodiment, the 
system further comprises a support clone which comprises a nucleotide sequence that encodes the HPIV 
15 NP protein. Preferably, each of the clones in the system comprises an RNA. polymerase prpmoter which is 

^q pjeraji^ _/ _ ^ 

The present invention also provides a clone which' comprises a nucleotide sequence encoding the ^ 
' full-length, positive' sense, anti-genome of HPIV-3'. The clone also comprises an RNA polymerase 
promoter operatively linked to theHPIV-3 antigenome-encoding sequence. In a preferred embodiment, 
20 ' the clone further comprises a nucleotide sequence which encodes a ribozyme immediately downstream 
from the sequence encoding the HPIV-3 anti-genome/ 

The present invention also relates to a method of preparing. recombinant HPIV-3 virus having site- 
specific mutations in the HPIV-3 genome. The method comprises preparing a clone comprising a modified 
HPIV-3 antigenome-encoding sequence; introducing the modified HPIV-3 clone and support clones which 
25 comprise nucleotide sequences encoding an HPIV-3 P protein, an HPIV-3 L protein, and, preferably, an 
HPIV-3 NP protein into r host cells.; and culturing the host cells under conditions that allow for synthesis of 
the modified HPIV-3 antigenome and the L, P, and NP proteins of HPIV-3. 

1 The ability' to produce recombinant, HPIV-3 virus genetically engineered to contain site-specific" 
mutations within the HPIV-3 genes and cis- acting elements expedites the study of all aspects of the virus 
30 replication cycle. Additionally, a system which permits production of recombinant HPIV that is 
genetically engineered to contain site-specific mutations within the HPIV-3 genome is useful for 
identifying attenuating parainfluenza genotypes and for developing a live vaccine for human parainfluenza 
--virus. 11 
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Figure 1 depicts the DNA form of the nucleotide sequence of the HPI V-3 genome and shows the 
location of restriction sites, the leader sequence, the trailer sequence, and the protein encoding regions of 
the genome. 

Figure 2 is a restriction map of the pOCUS-2™ vector. 

Figure 3 is a restriction map of pMG(+) showing the location of the leader sequence, luciferase 
encoding region, and theT7 promoter and terminator. 

Figure 4 is a restriction map of pHPIV^showing the location of the leader sequence and the 
protein encoding regions of HPI V-3. 

Figure 5 is a schematic depiction of the fulMength infectious clone, pHPIV-3. VV<f>, vaccinia 
virus polymerase stop signal (TTTTTNT); T7, T7 RNA polymerase promoter; le, HPIV-3 leader sequence; 
NP, P, M, F, HN and L are the HPIV-3 protein coding regions; tr, HPIV-3 trailer sequence; Rz, the 
hepatitis delta virus antigenomic ribozyme; T7<|), T7 RNA polymerase terminator signal Regions 
containing substitution mutations are expanded and shown above with the specific changes indicated. The 
A to G change at viral base 94 creates a Sac] site and the A to G change at viral base 15389 creates a Stul 
site. 



DETAILED DESCRIPTION OF THE INVENTION 
In accordance with the present invention 'a system for generating recombinant, human 
parainfluenza virus is provided. In a preferred embodiment, the system is used to generate recombinant 

20 HPIV-3. The system comprises a clone comprising a nucleotide sequence, preferably a double-stranded 
DNA sequence, which encodes a fulMength, positive sense anti-genome of HPIV hereinafter referred to as 
the "HPIV clone"., and one or more support clones which comprise nucleotide sequences that encode an 
HPIV P protein and an HPIV L protein. The nucleotide sequences that encode the HPIV P protein and 
HPIV L protein may be within the same clone. However, for ease of manipulation, it is preferred that the 

25 nucleotide sequences that encode the HPIV P protein and the HPIV L protein be on separate clones. 
Preferably the HPIV clone comprises a sequence encoding an HPIV-3 antigenome. Preferably the support 
clone or clones encode a P protein and an L protein of HPIV-3. In another embodiment the system further 
comprises a support clone which comprises a nucleotide sequence that encodes the HPIV NP protein, 
preferably the HPIV-3 NP protein. 

30 As used herein "clone" refers to double-stranded DNA that can. be introduced into a cell and 

expressed. The clone may be in the form of a viral vector such as, for example, a vaccinia viral vector, or, 
preferably, in the form of a plasmid. Preferably, the HPIV clone and the support clones each comprise an 
RNA polymerase promoter, more preferably a T7 RNA polymerase promoter. Each of the RNA 
polymerase promoters is operatively linked to the corresponding HPIV encoding sequence in the clone. 

35 Thus, the RNA polymerase promoter on the HPIV clone is operatively linked to the HPIV sequence and 
the. RNA polymerase on the support clones are operatively linked to the sequence or sequences encoding 
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the respective HPIV protein. Preferably, the plasmids comprising the clone also comprise an origin of 
replication, particularly a bacterial origin of replication. s * 

The present invention also provides a clone which comprises a nucleotide sequence encoding the 
anti-genomic sequence of HPIV-3, hereinafter referred to as the "HPIV-3 clone". Preferably, the HPIV-3 
5 clone encodes a full-length antigenomic sequence of HPIV-3. As used herein "full-length" means that the 
anti-genomic sequence is complementary to the entire negative sense, genomic sequence of HPIV-3 
extending from the 3' nucleotide of theleader sequence "through the 5'nucleotide of the trailer sequence'of 
the HPIV-3 genome. The DNA form of the full-length, genomic sequence of HPIV-3, SEQ ID NO:l, is f 
shown in Fig. 1. In addition to the leader and trailer sequences, the HPIV-3 clone contains sequences, 
10 encoding , the HPIV-3 proteins N, P, M, F, HN, and L, as well as the cis-acting elements. The HPIV-3 
clone may encode a wild-type HPIV-3 antigenome sequence or a modified HPIV-3 antigenome having one 
or more mutations contained therein. The mutation may be in the form of a foreign gene which is inserted, 
into the HPIV-3 antigenome-encoding sequence. Preferably, the mutations are substitutions of one or more 
nucleotides, deletions of 6 to 12 nucleotides, or additions of 6 to 12 nucleotides in the HPIV-3 
15 . antigenome-encoding sequence. More preferably, the modified HPIV-3 : clone contains substitutions either 
in the genes or the cis-acting elements, or both of the HPIV-3' antigenome-encoding sequence. 

Preferably, the HPIV-3 clone is a plasmid that comprises a nucleotide sequence which encodes a 
ribozyme, more preferably the hepatitis delta virus antigenomic ribozyme, immediately downstream from 
the HPIV antigenome-encoding sequence. Following transcription .'of the clone, the ribozyme cleaves the 
* 20 ribozyme from the HPIV antigenome to provide a replication competent 3* end on the antigenome. More 
preferably, the HPIV-3 clone also comprises an RNA polymerase terminator following the ribozyme 
sequence. In one embodiment, the HPIV-3 clone is the plasmid pHPlV-3 depicted in Fig. 5, which 
/plasmid was deposited "with the American Type Culture Collection, 1230 1 Parklawn Drive, Rockville ; MD 

20852, USA, on May _, 1998 and has Accession Number _ . • : 

25 The present invention also relates to a method of preparing recombinant HPIV, particularly 

HPIV-3, using the above described system. The method comprises introducing an HPIV clone and the 
support clones which encode HPIV P protein and HPIV L protein, into host cells, preferably human cells; 
culturing the host cells under conditions that allow for formation of an HPIV anti-genomic transcript, 
synthesis of the HPIV genome (vRNA) and the HPIV proteins L, P, and NP, and formation of a 
30 recombinant HPIV; and recovering the recombinant HPIV from the culture. Preferably the host cells which 
are rransfected with the HPIV clone and support clones, contain an RNA polymerase that corresponds to 
the RNA polymerase promoter that is operatively linked to the HPIV sequences in the HPIV clone and the 
■ support clones. In a preferred embodiment, a support clone comprising the nucleotide sequence which 
encodes the HPIV-NP protein operatively linked to an RNA polymerase promoter is also introduced into 
35 the ceils: Preferably, the host cells are infected with a viral recombinant, preferably a vaccinia virus 
recombinant, which expresses the^RN A polymerase, more preferably the T7 RNA polymerase, prior to or 
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in combination with transfection with the HPIV clone and support clone or clones. When such cells are 
infected with the vaccinia virus recombinant, it is preferred that the HPIV-3 clone also comprise a vaccinia 
virus RNA polymerase terminator upstream of the T7 RNA polymerase and a vaccinia virus RNA 
polymerase terminator downstream of the T7 RNA polymerase terminator. 
5 The present invention also relates to a method of introducing site-specific mutations into the 

genome of a recombinant HPIV-3. The method comprises preparing a a modified HPIV-3 clone 
comprising one or more mutations in the sequence which encodes the HPIV-3 anti-genome; introducing 
the modified HPIV-3 clone and support clones comprising sequences which encode HPIV-3 P protein and 
HPIV-3 L protein, and preferably, HPIV-3 NP protein into host cells; and culturing the host cells under 
10 conditions that allow for formation of a modified HPIV-3 antigenomic transcript and synthesis of the 
HPIV-3 L, P, and NP proteins. The modified HPIV-3 clone and the support clones contain an RNA 
polymerase promoter that is operatively linked to the HPIV-3 protein-encoding sequences. The host cells 
contain within the cytoplasm thereof an RNA polymerase that corresponds to the RNA polymerase 
promoter on the modified HPIV-3 clone and the support clones. 
15 Preferably, the modified HPIV-3 clone, containing one or more mutations therein, is made by 

conventional PCR techniques using an HPIV-3 clone as a template. The mutations are made in the cis- 
acting elements of the HPIV-3 sequence or in an HPIV-3 protein encoding sequence. Preferably the. 
mutation is made in the L protein-encoding sequence. If mutations are made in the HPIV-3 protein- 
encoding sequences of the HPIV-3 clone, it is preferred that a similar type of mutation be made in the same 
20 site in the protein encoding sequence of the corresponding support clone. For example, if a mutation is 
made at a specific site in the L protein-encoding sequence of die HPIV-3 clone, it is preferred that the same 
mutation be made at the ; same site in the L protein-encoding sequence of the L protein-encoding support 
clone. Such method is useful for identifying mutations that block the synthesis of viral particles or result in 
the production of non-infectious or non-virulent HPIV-3. ' ■ , 

25 To determine whether the mutated viruses produced by the above-described method are non- 

virulent, i.e., attenuated, the mutated viruses are first tested in vitro to determine whether the mutation has 
resulted in a slower growing phenotype, i.e., the mutated virus grows more slowly in tissue culture than the 
wild-type virus. The mutated viruses which exhibit this phenotype are then examined in vivo, by injection 
into an animal, such as the cotton rat, which is good experimental model for parainfluenza virus. The 
30 infected animals are then examined to determine if they are producing antibodies to HPIV-3 and to 
determine if there is a reduction in the severity of symptoms as compared to animals infected with wild- 
type virus. 

The ability to produce recombinant HPIV-3 virus genetically engineered to contain specific 
alterations within the HPIV-3 genes and cis-acting elements expedites the study of all aspects of the virus 
35 replication cycle. Additionally, a system which permits production of recombinant HPIV that is 
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genetically engineered to contain specific alterations within the HPIV-3 genes is useful for identifying 
attenuating parainfluenza genotypes and for developing a live vaccine for human parainfluenza virus. 

The following examples of methods of preparing a full-length cDMA clone of HPIV-3 and 
methods of preparing a modified or mutated, infectious, recombinant HPIV -3- are for purposes of 
5 illustration and are not intended to limit the scope of the invention; 
Example .1. Construction of a Full-Length cDNA Clone of HPIV-3. 

' The construction of a full-length infectious clone of HPIV-3 containing mutations at specific sites 
was achieved by a two-step process. The initial step was the generation of a minireplicon which contained 
the positive, sense leader portion region and trailer regions of HPIV-3. The. second step involved the 
10 insertion of RT-PCR fragments derived from HPIV-3 genomic RNA into the minireplicon.The positive- 
sense minireplicon contained the following: A T7 promoter which 1 directed the synthesis of two non-viral G 
residues, followed by the positive-sense leader region of HPIV-3, a portion of the NP 5' UTR (to viral base 
97), the luciferase gene, a portion of the L 3'UTR (starting at viral base 15387) and trailer sequences of 
HPIV-3. The full-length nucleotide sequence of HPIV-3 genome and the location of the leader sequence, 
15 trailer sequence and protein-encoding regions is shown in Figure 1. The hepatitis delta virus antigenomic 
ribozyme followed to effect precise cleavage after the 3 terminal HPIV-3 specific base. A T7 RNA 
^"""^61^ 

Additionally, vaccinia virus polymerase termination signals were inserted immediately upstream and 
downstream of the aforementioned sequences; During the construction, single base changes were created 
20 in the regions encoding the NP 5* UTR and the L 3 UTR. An A to G change at viral base 94 and the A to 
G change at base 1 5389 created Sacl : and Stul sites,. respectively, which served as genetic tags to identify 

virus as being of recombinant origin. 

The vector pOCUS-2 (Novagcn) was chosen as the starting plasmid for preparing the mini- 
.- replicon [pPIV3-MG(+)], because of its small size (1930 bp). It is believed that the use of a small starting 
25 plasmid may increase the stability of the full-length clone. 

The mini-replicon was constructed by generating PCR products encoding the leader and jailer 
regions flanked by a T7 promoter- and hepatitis delta virus antigenomic ribozyme, respectively. The 
primers used for synthesis of ' the T7 , promoter/leader - region were: 5'- 
tAGTCGGCCC TAATACGACTCACfATAGG ACCAAACAAGAGAAGAA • 
30 v ACT-3\ SEQ ID NO:2, and 5 VGAAATTATAGAGCTCCCTTTTCT-3' , SEQ ID NO:3. The first primer 
encodes an EagI site and the T7 promoter (underlined) and the second primer introduced an A to G base 
. change at viral base 94, (bold) within the 5 ' untranslated region (UTR) of the NP mRNA, which creates a 
Sacl site. The template for this reaction pHPIV3-CAT, described in De, B. P. and A. K. Banerjee. (1993.) 
Rescue of synthetic analogs of genome RNA of human parainfluenza virus type 3. Vir. 196:344-348, 
35 . which is incorporated herein by reference. The resulting PCR product was cloned into the Eagl and Sacl 
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sites of pOCUS-2, which is depicted in Figure 2. The primers used for synthesis of the trailer/ribozyme 
region were: 

S'-TAAGGCCTAAAGATAGACAAAAAGTAAGAAAAACATGTAATATATATA 
TACCAAACAGAGTTCTTCTCTTGTTTGGTGGGTCGGCATGGCATCTC-3\ 
5 SEQ ID NO:4, and V-CTGGGTAC CTCCCTTAGCCATCCGAGT -3'. SEQ ID NO:5. The first primer 
contains sequence from the 3* UTR of the L mRNA, through the trailer, and primes synthesis of the 
ribozyme (underlined). Also, an A to G change at viral base 15389 (bold), which creates a StuI site within 
the 3'UTR of the L mRNA is encoded by this primer. The second primer encodes the 3' end of the 
ribozyme (underlined) and . a BgHI site. The template for this PCR reaction was pSAl, a plasm id 
1 0 containing the ribozyme sequence, as previously described in Perrotta, A. T. and M. D. Been. 1991. The 
pseudoknot-like - structure required for efficient self-cleavage of hepatitis delta virus RNA. Nature 
,350:434-436, which is incorporated herein by reference. The PCR product derived from this reaction was 

* [ 

cloned into . the StuI and BgHI sites of pOCUS-2. The leader and trailer regions were combined into a 
single clone by transferring the Eagl/PstI fragment of the T7/leader clone into the PacI/PstI sites of the 

15 . trailer/ribozyme clone. , 

To prevent possible interference by transcription from cryptic vaccinia virus promoters, vaccinia 
virus polymerase transcription stop signals (TTTTTNT) were inserted upstream and downstream of the 
replicon near PvuII and Sspl sites within pOCUS-2. A T7 transcription termination signal was removed 
• . ■ from P ET-17b by digesting with Blpl and BspEI, and inserted into the Sspl site (blunted with T4 DNA 
20 polymerase) of pOCUS-2. A luciferase reporter gene was then inserted into the Sacl and StuI sites to 
"create pPIV3-MG(+), which is schematically depicted in Figure 3. 

To generate the full-length HP1V-3 clone, five RT-PCR products were generated from HPIV-3 
virion RNA and cloned. These fragments were subsequently inserted into pPIV3-MG(+), replacing the 
luciferase coding sequences, to create pHPIV-3, the full-length clone. The f.ve RT-PCR products were 
25 generated from HPIV-3 strain 47885 virion RNA which was obtained from Robert Chanock, at the 
National Institues of Health. These PCR products, encompassing the remainder of the HPIV-3 genome, 
were identified by restriction enzyme analysis and cloned, either in pUC19 or pOCUS-2, and then inserted 
into pPIV3-MG(+). 

The first PCR product containing viral bases 83 to 272 1 was inserted into the Smal site of pUC 1 9. 

30 The 83/2721 clone was then digested with Sacl and XmnI, removing viral bases* 94 to 553 which were 
inserted into the Sacl and SphI (blunt with T4 DNA polymerase) of pPIV3-MG(+). The 83/2721 clone 
was then digested with PstI to remove a fragment containing viral bases 540 to 2274, which was then 
inserted into the PstI site of the pPIV3-MG(+) clone containing the 94/554 fragment. The second PCR 
product encompassing viral bases 13395 to 15397 was cloned into the Smal site of pUC19. This 

35 13395/15397 clone was then digested with StuI and Pad and the resulting fragment containing viral bases 
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13632 to 15381 was inserted into the StuI and Pad sites of the pPIV3-MG(+) clone containing viral 
sequence to base 2274. the resulting clone. contained viral bases 1 to 2274 and 13632 to 15462 in the 
pPIV3-MG(+) context. 

The third PCR product containing viral; bases 7403 to 11513 was digested with BspMI (blunted 
5 with T4 DNA polymerase) and Xhol to produce a fragment containing bases 7437 to 11444 which was 
inserted into the Xhol and SspI sites of pOCUS-2. The fourth PCR fragment containing viral bases 10904 
to 13773 was digested with PvuII and BamHI (viral bases 10918 to 13733) and inserted into the EcoRI 
(blunted with T4 DNA polymerase) and BamHI sites of pUC19. The two viral segments were combined 
by digesting the 7437/11444 clone with Sad (blunted with T4 DNA polymerase) and'EcoNI and inserting, 
10 , into the 10918/13733 clone digested with EcoRI:(blunted with T4 DNA polymerase) and EcoNI. The 
resulting clone contained viral bases 7437 to 13733 in a pUC19 background. The remainder of the viral 
sequence was derived from a fifth PCR product encompassing viral bases 83 to 7457 which had been 
. digested with Xmnl and Xhol (viral bases 553 to 7437) and cloned into the StuI and Xhol sites of pOCUS- 

1 " / ' L ' L L 

2. The. 7437/13733 clone was then digested with BamHI, blunted with T4 DNA polymerase, and'digested 
15 with Xhol to release a fragment that was inserted into the EagI (blunted with T4 DNA polymerase) and 

Xhol digesM_ i5^ con tajne d LYlaL^lljl 3 - ^ ^ 7 3 3 k JFjm-_cjone' l was - 

then digested with PshAI and Pad. and the resulting-" fragment containing" viral bases 2143 to 13632 was 
inserted into the same sites of the pPIV3-MG(+) clone containing viral bases 1 to 2274 and 13632; to 
1 ' 15462. This generated pHPIV-3, the infectious clone, Which is schematically depicted in Figure 4; 
20 To v insert the P gene into pGEM-4, P sequences were transferred from a P-lac-fusioh clone, 

^(described in 38, which is incorporated herein by reference) by digesting with Xbal (blunted with T4 DNA 
polymerase) BamHI, and inserted into the Kpnl (blunted with T4 DNA polymerase) and BamHI sites of 
pGEM4. The pPIV3-NP and pPIV3-L clones, as described in 15, ",16,. which are incorporated herein by 
■ reference., were in a pGEM-4 background. The pPIV3-L clone was also modified. In the natural L mRNA 
25 sequence there is a non-initiating AUG 1 1 nucleotides from the 5' end of the transcript. This was removed 
from pPlV3-L by mutational PCR, changing viral bases 8,636 and 8637 from AT to TA. • ■ 

Example 2. Preparation of Recombinant HPIV-3. 

Confluent monolayers of HeLa cells in 6-well plates were infected with recombinant .vaccinia 
30 virus VTF7-3 at a multiplicity of infection of 2. vTF7-3 expresses T7 RNA polymerase as described in. 
Fuerst, T. R., P. L. Earl, and B. Moss. 1987. "Use of a hybrid vaccinia virus-T7 RNA polymerase system 
for expression of target genes.'* Mol. Cell. Biol. 7:2538-2544; and Fuerst, T. R M E. G, Niles, F. W. 
' Studier, and B. Moss. 1986. "Eukaryotic transient-expression system based on recombinant vaccinia virus 
that synthesizes bacteriophage T7 RNA polymerase." Proc. Natl. Acad. Sci. 83:8122-8126, which are 
35 incorporated herein by reference. After 1 hour at 37°C, pPIV3-NP, pPIV3-P, pPIV3-L and pHPIV-3 were 
transfected using Lipofectin (BRL) according to manufacturers instructions. After three hours the 
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transfection medium was removed and replaced with 1.5 ml Dulbecco's modified Eagle's medium. 
(DMEM)/5% fetal bovine serum. After 40 to 48 hours the plates were frozen, thawed and scraped. The 
clarified medium supernatant (250 ui) was then used to infect fresh HeLa cell monolayers in 6-well plates. 
DMEM (1.5ml) containing 25 ug/ml 1-B-D-arabinofuranosylcytosine (araC) to inhibit vaccinia virus t 
replication was added after a 1 hour attachment. After forty hours the plates were frozen, thawed, and 
scraped. The clarified medium supernatant was then titered for HPIV-3 in the presence of AraC. During 
the titering, isolated plaques were picked as agar plugs. The agar plugs were placed in 500 ml opti-MEM 
at 4°C for 4 nr. 250 ul were then used to infect fresh HeLa cell monolayers for amplification of the plaque 
isolates for 40 hr. 

* ! ■ 

V 

In a preferred embodiment transfection conditions were 1 |ig pHPIV-3, 2 ug pPIV3-NP, 4 ug 
pPIV3-P and 0.1 pg.pPIV3-L". Under these conditions approximately 1000 pfu per 6 X 10 s cells were 
obtained during the initial transfection and 1 0 6 pfu per 6 x 10 s cells after the amplification. 

When individual plasmids were omitted from* the transfection step it was observed that the 
pHPIV-3, pPIV3-P and pPIV3-L plasmids were required for recovery of virus but, surprisingly, as shown 
in table 1 below, pPIV3-NP was not. 



Table 1 



Plasmids Trahsfected 

HPIV-3 NP ' P L Virus Recovery 



+ + 
+ . - + 

+ + 



+ 14/15* 

+ 0/2 
+ 3/3 b 

+ 0/3 

0/2 



Table 1. Recovery of HPIV-3 from pHPIV-3. HeLa cell monolayers were infected with vTF7-3 and 
transfected with the indicated plasmids. After 40 hr cells were lysed and supernatants added to fresh HeLa 
cell monolayers in the presence of araC to inhibit vTF7-3 replication. These monolayers were then lysed 
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j ( and the supernatants assayed for HPIV-3. The number of experiments for which HPIV-3 was recovered 
. per attempts is displayed under virus recovery. 
A The single experiment that did not yield HPIV-3 used 0. 1 ug of the P plasmid. 
B The omission of the NP plasmid resulted in 3 to 5 fold lower titers of HPIV-3. 

v 5-' ■■■■ ■_. .. • 

Characterization of Recovered Virus. . . 

In order to characterize the recovered virus'and to purify HPIV-3 from vTF7-3, plaques of which 
are only slightly .smaller than those of HPIV-3, isolated plaques suspected to be HPIV-3 were picked and 
amplified in HeLa cells. The plaque purified and amplified virus isolates arid appropriate controls were 
10 then analyzed in neutralization assays. Virus (isolates #3 and M5) was preincubated (30 min on ice) with 5 
ul rabbit pre-immune serum, 5 ul rabbit polyclonal. anti-HPIV-3 antisera, or assayed in the presence of 
25ug/rhl araC The sera was incubated with virus on ice for 30 min prior to a standard plaque assay. To 
allow maximal plaque development, the plates were then incubated i at 37°C for 66 hr prior to staining with 
crystal violet. The results' of the assay indicated that the plaque purified virus was completely inhibited by 
15 the anti-HPIV-3 antisera, while vTF7-3 was not. In contra!* the HPIV-3 isolates were not inhibited by 

2.AraC.3vhe r,easJhejvm -lylru5 was completely inhibited. Interestingly, of the e'ghyrecomb j^^HP rV-^ 

isolates, four had plaque sizes identical to the parental HPIV-3 stock-while four were slightly larger. The 
plaque size of isolate #3 was slightly larger than isolate #5 and the wild type HPIV-3 vims. " / 

To determine whether the NP coding sequence of pHPIV-3, which shares the same position as 
' 20 luciferase in pPIV3-MG(+)! was being expressed from pHPIV-3, pHPIV-3 and pPIV3-NP were separately 
transfected into VTF7-3 infected HeLa cells and cell lists prepared after 48 hr. The lysates were then 
analyzed by Western blotting using an anit-HPIV-3IWP antisera. This antisera recognizes primarily NP 

and reacts poorly with P. 

Specifically, extracts (equivalent to 6x10* cells) were run on SDS-10% PAGE and transferred to 
25 nitrocellulose membranes. The primary antibody %yas a rabbit polyclonal anti-RNP.antisera diluted 1:1000. 
The secondary antibody was 1:1000 dilution of a goat anti-rabbit antibody. conjugated to horseradish 
' peroxidase. Visualization was through chemiluminescence (ECL kit, Amersham). As, shown by the 
Western blot, HPIV-3 : RNP recognized NP from the pPIV3-NP and pHPIV-3 transfected cell extracts and 
from purified HPIV-3 RNP. No proteins were recognized in a mock-transfected HeLa extract. Thus, it 
30 appears that NP is' expressed from pHPIV-3, : presumably being translated from the T7-directed, 

antigenomic RNA transcript. 

To determine whether the recovered, recombinant virus had specific mutations in its genome, 
RNA was extracted from wild type and plaque isolated viruses and used for RT-PCR analysis using 
primers flanking the substitution mutations. Viral RNA was isolated from approximately 2x1 0 7 plaque 
35 forming units (pfu) of plaque purified virus isolates #3, 5, 7 and 9, or wt HPIV-3 strain 47885/. Reverse 
transcription was carried out using Superscript II reverse transcriptase (BMB) at 44°C for 1 hr using 
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. oligonucleotides which primed at viral base 23 or 15100. The PCR was carried out with Expand Long 
polymerase (BMB) using second primers which result in amplification of viral bases 23 to 303, or 15100 to 
15440. 

PCR products encompassing viral bases 1 to 324 and 15080 to 15462 were generated from the 
5 indicated isolates, digested with Sad and StuI, respectively, and analyzed on a 1.4% agarose gel.. PCR 
products of the expected sizes were generated in a RT-dependent manner, indicating tha\ the PCR products 
were derived from RNA rather than contaminating plasmid DNA. 

As shown on the agarose gel, the sizes of the I to 324 and 15080 to 15462 PCR products are 
increased by 21 and 22 base pairs, respectively, over the length of the viral specific regions due to the 
10 inclusion of restriction enzyme sites in the amplification primers. Digestion with SacI showed that the 
mutation at base 94 was not present in the wild-type virus but was present in the plaque isolated viruses, 
indicating they are of recombinant origin. Similarly, PCR product derived from the region encompassing 
viral base 15389 of wild type HP1V-3 was not cleaved by StuI. However, only four of the eight plaque 
isolated viruses contained the mutation which creates the StuI site. Direct sequencing of the PCR products 
15 confirmed these results. . 

DISCUSSION 

A full-length plasmid clone of the HPIV-3 genome, pHPIV-3 was constructed.. Upon transfection - 
of pHPIV-3 and plasmids encoding the viral NP, P and L proteins into vTF7-3-infected HeLa cells, 
recombinant HPIV-3 bearing genetic markers was efficiently recovered. Several interesting features of this 
.20 system were noted. First, the viral NP protein could be expressed fronvthe infectious clone, and this 
expression obviated the need for an NP support plasmid. It is believed that the NP protein is synthesized * 
directly from the primary anitgenomic transcript after it is capped by the vaccinia virus capping enzyme. 

Second, two recombinant viruses with distinct genotypes and phenotypes were produced, 
probably due to recombination between the pHPIV-3 and pPIV3-L plasmids, although the possibility, that 
25 the reversion arises during RNA replication cannot be excluded. pPIV3-L contains the entire L 3' UTR and 
pan of the trailer region, extending to base 15437, an overlap of 48 base pairs beyond the StuI site. This is 
ample room for recombination between plasmids to occur readily in vaccinia virus infected celts 

From these results, there appears to be selection in the HPIV-3 system. All the large plaque virus 
isolates had reverted to a wild-type sequence at base 15389, while retaining the change at base 94. Since 
30 A94G is the only known alteration in these viruses from the parental virus, it appears that The isolates 
which retained both mutations had a plaque size identical to that of the parental (wild type) virus, but when 
the 15389 mutations was lost, plaque size increased, indicating that the mutation at base 15389 was 
detrimental in the context of the A94G mutation. There was one other known change between pHPIV-3 
and the support plasmids. A non-initiating AUG exists in the natural L protein message. Since this AUG 
35 is only 1 1 nucleotides from the 5' end of the L mRNA and in a poor translation initiation context, it may 
not cause much interference with L mRNA translation. However, in the support plasmid pPIV3-L this 
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non-initiating AUG; is much further from the 5* end of the transcript where it is more likely to be 
recognized by ribosomes. This AUG was removed from pPIV3-L by changing bases 8636 and 8637 from 
' AT to TA, destroying a Sphl site and creating a Nhel site. To investigate whether this change was present 
in the recombinant virus and could be responsible for the large plaque phenotype, RT-PCR analysis was t \ 
5 done! PCR products encompassing this' site and derived from both the wild type and the plaque isolated 
viruses retained a wild type sequence, indicating recombination had not occurred over this region and that 
these changes could not account for any variance iii plaque size. . ^ 

The finding that recombination may occur between transfected plasmids indicates that care must 
be taken when introducing mutations into the paramyxovirus or rhabdovirus infectious clone systems. 
10 Mutations introduced within the NP, P or L sequences preferably are carried by both the support plasmids 
and the infectious clone. Otherwise; resultant virus may riot carry tfie desired mutation. The only possible 
exception to this is the HPIV-3 system, jn which the HPIV-3 infectious clone expresses NP, negating the 
need for the NP support. plasmid. Still, it is preferred that the HPIV-3 NP support. plasmid be included in 
the system, since significantly greater yields of HPIV-3 were obtained when the support NP plasmid was / 

15 included in the transection. 

An infectious clone for HPIV-3 is useful for^derstanding the molecular biology of HPIV-3 and 
for developing a vaccine for this important pathogen. The ability to generate specific mutations within 
" . HPIV-3 makes all aspects of HPIV-3 replication amenable to study. Any mutation, including those studied 
previously in other- contexts, can '.now be •examined with this system: The ability to introduce specific 
20 mutations also permits the possibility of revertarit analysis, which could refine our understanding of . . 
protein-protein or protein-RNA interactions. 

The infectious clone is also'useful for identifying mutations which attenuate the vims. Such virus 
is useful for developing new vaccine strains of HPIV-3. In addition,; mutations present in a current 
: candidate vaccine strain of HPIV-3 can be inserted into pHPIV-3. Through identifying multiple deleterious 
25 mutations, it should be possible to engineer several mutations affecting various steps in the virus life cycle . 
into a single HPIV-3 strain. Such a virus should be highly attenuated and not readily able to revert. . 
/ While the invention has-been described to some degree of particularity, various adaptations and 

" • modifications can/be made withput<teparting.froiri 'the scope of the invention as-defined in the appended 
claims 
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CLAIMS 

What is claimed is: 

1. A recombinant HPIV clone comprising: 

a. a nucleotide sequence encoding a positive sense, antigenome of human 
parainfluenza virus; and 

b. an RNA polymerase promoter operatively linked to said nucleotide sequence. 

2. The clone of claim 1 wherein the nucleotide sequence encodes the antigenome of HPIV-3. 

3. The clone of claim 2 wherein said clone further comprises a ribozyme sequence downstream from said 
antigenome-encoding sequence. , 

4. The clone of claim 2 wherein the RNA polymerase promoter is the T7 RNA polymerase promoter. 

5. The clone of claim 3 wherein the ribozyme is an antigenomic ribozyme. 

6. The clone of claim 3 further comprising an RNA polymerase terminator downstream of the ribozyme 
sequence. 

7. The clone of claim 2 wherein the nucleotide sequence encodes a modified anti-genome of HPIV-3. 

8. The clone of claim 2 wherein the clone has the characteristics of a plasmid deposited with the 
American Type Culture Collection and having Accession Number . 

9. The clone of claim 7 wherein the HPIV-3 antigenome-encoding sequence comprises a mutation selected 
from the group consisting of a substitution of one or more nucleotides, a deletion of from 3 to 12 

r 

nucleotides, and an addition of from 3 to 12 nucleotides. 

10. A method for preparing recombinant human parainfluenza virus comprising; 

a. providing a recombinant system which comprises: 

i. an HPIV clone comprising a nucleotide sequence encoding a positive 
sense, antigenome of human parainfluenza virus; 
ii a support clone comprising a nucleotide sequence encoding a human 
parainfluenza virus L protein; and 

iii. a support clone comprising a nucleotide sequence encoding a human 
parainfluenza virus P protein, 
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wherein the nucleotide sequence encoding the P protein and L, 
protein may be on the same support clone or on separate support 

clones; 

b. introducing the recombinant system of step (a) into host cells; 

c. culturing the host. ceils of step (b) for a time sufficient to permit 
transfection of the host cells and formation 

■ of recombinant human parainfluenza virus; and 

d. recovering the recombinant human parainfluenza virus from the culture of ^ 
transfected host cells. , , - 

11. The method of claim 11 wherein the antigenome-encoding sequence of the HPIV clone is . 
•operatively-Iinked to an RNA polymerase promoter; 

wherein trie P protein-encoding sequences of the support clones is operatively-linked to an*RNA 
polymerase promoter ; 

wherein the L protein-encoding sequences of the support clones is operatively-linked to an RNA 

=po lymernse.promnter;.and-~ — — — L _ — -Jl.^- — „ — — i: — — 1— — — r 

wherein the host cells comprise an RNA polymerase corresponding to 
the RNA polymerase promoter of said HPIV clone and said support clones. - 

12. The method of claim 11, -.wherein trie host cells are infected with a viral recombinant capable of 
expressing the RNA polymerase prior to or in combination with introduction of the recombinant system 
into the host cells. 

13. A host cell for producing a recombinant human parainfluenza virus, said host cell comprising: 

a. an HPIV clone comprising a nucleotide sequence encoding a positive 
sense, antigenome of human parainfluenza virus; 
b a support clone comprising a nucleotide sequence encoding a human 
parainfluenza virus L protein; and 

c. a support clone comprising a nucleotide sequence encoding a human 
parainfluenza virus P protein; w 

wherein the nucleotide sequence encoding the P protein and L 
'protein may be on the same support clone or on separate support 
clones. / 

14. The host cell of claim 13 further comprising a support clone comprising a nucleotide sequence 
encoding a human parainfluenza virus NP protein. 

14 
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15. The host cell of claim 13 wherein the HPIV clone comprises a nucleotide sequence encoding an anti- 
genome of HPIV-3. 

5 16. The host cell of claim 15 wherein the anti-genome encoding sequence of HPIV-3 comprises a site- 
specific mutation. 

17. The host cell of claim 14 wherein the HPIV-3 clone further comprises an RNA polymerase promoter 
operatively linked to the HPIV-3 antigenomic sequence and wherein each of the support clones comprises 

1 0 an RNA polymerase promoter operatively linked to the HPIV-3 protein-encoding sequence of said support 
clone. ' x 

18. A method of introducing a site-specific mutation into the genome of a recombinant human 
parainfluenza virus, comprising the following steps: 

15 a. preparing a clone comprising a nucleotide sequence encoding a human 

parainfluenza viral antigenome having a mutation at a specifc site; 

b. co-transfecting host cells with the clone of step (a), 1 

a support clone comprising a nucleotide sequence encoding an HPIV L 

protein, and a support clone comprising a nucleotide sequence encoding an HPIV P 

20 protein; 

wherein the nucleotide sequence encoding the P protein and L 
protein may be on the same support clone or on separate support 
clones; and 

c. culturing the transfected host cells for a time sufficient to allow formation of a 
25 recombinant human parainfluenza virus. 

19. The method of claim 1 8 further comprising the step of transfecting the host cells with a support clone 

■* - * 

comprising a nucleotide sequence encoding an HPIV NP protein. 

30 20. The method of claim 18 wherein the clone of step (a) is prepared using polymerase chase reaction 
techniques and a clone comprising a nucleotide sequence encoding a human parainfluenza virus 
. antigenome as a template, wherein the antigenome-encoding nucleotide sequence of said template clone 

lacks the site-specific mutation.. 
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at tgt tttgtagtctctgtctgQt t tgt tc tctgagttgctgt tct tct t tgttccgtcagt tggtaggtggttQgggtg 

' I II ' I ' I* ' I * 

1534 1550 1565 1579 

1552 1585 . 

Hindll 

EcoRII Flal BsqBI 



aaacagQO.cgQa.ccaggacgo.Qa t agacga tctgt tcaatgcQt 1 1 ggaagcaac t qqc t gag t caaca 1 1 ttgatctaa 1 680 
tttgtcttgcttqgtcctgctttatctgtcQgQCQQgttacgtQQQccttcgttgattgactcQgt tgtQQQQctagat t 

• I • • • • *|| " I ■ " " ' 

1613 • • i66[ • |674 

1663 

Plel CqcBI 

NP Gene End P Gene Star t I I 

QtcQQ t jaataaQtaaqaQaaol c t t )oqqQttaaaqp .Qtcc t a t cat accagaacat agag t gg t aaa 1 1 1 Qgogt c t gc 1 1 1 760 



tagttQttQtttat tcttt ttgaatcctaat ttcttQggQtagtatggtcttgtQtctcaccQt ttQaatctcagacgaa 

1751 1757 
MboII 

SfoNI Ksp632I . 



gcQQC t-caa t CQQt agagQg t tcfucTgaaagcga t gc t aaaaac t a t cqqq t cat ggottctt gggaQgaggaaccaaga 1 840 
cgttgagt tagt tatctctcaactQcc 1 1 tcgct Qcgat 1 1 1 tgQtdgt t tagtoGctaagQaccct tctcct tggt tct 



1793 1826 

1826 
MboII 

BsqRI EcoRI Bpal 



gatQ(iQtcQQctQQtQtctcctcggccctcQQCQtcQttgQattcQtQctcQgcQccgQcccccaagQQgQcctQtcggQ_ .1920 
ctQtttQgttgattQtQgQggagccgggQgt tgtagtDQcttQQgtQtgagtcgtggctgggggttcttctggQtagcct 

• | -• t * * I * 

1858 1880 1907 

1907 

Haell Hindll 
I I 

QQQCgQCQCQQ t CQQCQCQQgQQCCCQgCQQC t CQgcgCCOCCQt C t g t CQQCCQgQQQ t CQQQCCQQCQgaQQCaag t g '2000 

tttgctgtgttQgttgtgttcttgggtcgt tgagtcgcggtggtQgacagttggtctttQgtt tggttgtctttgttcac 

• « • | • • • • - • 

1955 1968 

, ■• .. Ms 1 1 8spl407I Sspl 

QQQQagttQgtggQtcQQCtgQCQQQQQtQgacQgtctgggtcQtcQCQcgQQtgtQCQQCQgQQgcQQQQgQtQgQQQt 2080 
tttttcQQtcacctQgttgactgtttttQtctgtcagacccQgtQgtgtgcttQcatgt tgtct tcgtt ttctatct tta 
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v Gsul 
EcoBII . 

Hbvl " PshAI BsnAI 

Bell Bspl407I HboII BsmAI BsAI 



at tgatcaggQQQCtgtQCQgggaggatctgggagaagaagcagctcagd.tagtagagctgQgactgtggtctctggQgg 2160 

tQQctQgtcctttgQcatgtccctcctQgQccctcttcttcgtcgagtctQtcQtctcgQCtctgQCQCCQgQgQcctcc 

I * I * ' I *l . ' *ll II i 

.2083 2095 2115 2141 2149 

2121 2143 2150 

2149 .... 

• • 2154 
SfaNI Sspl 

■ I • '. . ' ■-. ; . ; I • ■■ ■. 

QQtctctggQQgcQtcQCQgQttGtQQQQQtggQdcccaQQQCQcggagdatQttgQtctCQQtgaQQttQgQQQgatgg 2240 
ttagagacct tcgtagtgtc taagqit 1 1 1 tacct t gggt 1 1 tgt gectet tataactagag t tact t taatct t tctacc 



2173 2210 
Plal PstI : . EcoRV 



QtQQggQCtctQttgQgQggQQQatgcgQCQQtctgcQgQtgttccQQgcgQgalQtCQggQQgtgQtgtcQtQtttQCQ" ! "2320 
tQttcctgagQtQQctctcct tttacgctgttQgacgtctQCQQggt tcgctctQtagtcct tcQCtQCQgtQtaaatgt ■-. 

2246 ■■' > 2274 2293 

Hindi 1 1 

Bel I . Hbol 



QCQgaacaQQgtQgQaacQgtgQteatggQQgQagcttggQQcdtQtcQgtQ.CQCCtgQtQCQQgt tcaatgQgtgttgt 2400 
tgtcttgtttccitctttgtcQctQgtQccttcttcgQQCcttggatQgtcatgtggactQtgttctQgttQctcQCQQCQ ■ 

• • | |*| * * • ■ • t 

2341 2349 

2353 . 

* ■ 1 . . ■ . * 

1 '. 

HboII - r HboII . 

Bbvl - HboII Fokl HboII HboII 



tQctgctgcgacQCCQgQtgatgQagaagQQQtQctQatgQaaQQtQgtQggQtgQagQQQQgttcttcQQCQCQCCQag 2480 
atgacgacgctgtggtctQctacttcttctttQtgQttQctttttQtcQtcctacttcttttcQagaQgt tgtgtggttc 



2405 2423 2451 2465 2480 

2426 ?srl 2455 ' 



QQgatgacQaQagQattQQQaQQgggggggggggaaaQgggaaQgactggtttaQgaQatcQagagQtactgQCQQCCQg 2560 
ttctQctgttttcttQattttttcccccccccccttttccctttctgaccQQQttctttQgttctctQtgQctgttggtc 



2526 

QCatGQQCQtCQgQtcaCQQQCCCQCQtCQQaQgggCQQQQgaaQQtCtCQQllQQCQaCQQCCQCCQQCQCCgQCQCQQQ 2640 

tgtagttgtQgtctagtgt t tgggtgtagttt tcccgttttcttttagQgtttttgttgttggcggttgtggctgtgttt 



Fig. Ie 
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ggggcQQacQgQQQcacQgacagQQtcQtcagQQQCQCQQtccccQtcQtggQQtcccQttQtcgQCQQCQQCQctgQCC 2720 
ceccgt ttgtctttgtgtctgtcttagtagtct ttgtgttQggggtQgtacct tagggtaatagctgt tgttgttactgg 

** • • • * 

gQQCcgaacQgacQQgcQCQQCccccccQQcaQCQQC t cccaga t cqqc t eg t Qcaaaagaa t coat ccgaacaaac t c t 2800 
ct tggcttgtctgt tcgtgttgggggggt tgttgttgagggtctagt tgagcatgtt ttcttagt taggcttgt t tgaga 

HboII 

Mfal .. Ksp632I Clal 



gQQtccQaQcccQQgacQCQQQQgQCQat tggQQQggQQQggaQggatQcagaagQgQgcQQtcgQt t tacagagagggc 2880 
ct taggt ttgggt tctgtgttt tctgttaacct ttcct t tcct tcctatgtct tetctegt tagctaaatgtctctcccg 

I • * * I * I * 

2826 2852 2862 

2852 
BsqBI 



QQttQctctQttgcQgaatcttggtgtQQttcaQtctacQctaaaQCtdgQtttQtQtcaQgacaQQcgQgttgtdtgtg 2960 
ttQQtgQgQtQQcgtcttQgQQCCQCQttQQgttQgQtgtQgttttgatctQQQtatQgttctgtttgctcQQcatQCQC 

• • • • ■ | . • • • 

2930 

SfaNl 



tagcadQt gtQctadacaatgt agatactgcatcaaagatagact tec t agcaggat taggcat aggggt t tcaatggac 3040 
QtcgtttacQtgQtttgttQCQtctQtgQcgtQgtttctQtctgQQggQtcgtcctQQtcQgtQtccccaQQgttQcctg 

2990 ~. 

Vspl . : 

Asal Bglll HboII 



QQtgaCQCQQQQttQQtQCQgQtQCQQQQtgQQQtgttaQOCCtCQQQgCQgQtCtQQQgQgQQtggQCgaQtCQCQtQg 3120 

ttQctgtgttttQattQtqtctQtgttttactttacQQtttggagtttcgtctQgQtttctcttQcctgcttogtgtQtc 
• I • • • • | * ' I 

3052 3091 ( 3120 

3052 Bell 1 BsqRI 



QQgQttgQtQgQQQQtcQQQgQgQQCQQCtgtcQttgQtcQcatcgttQQtttcaQQtcttQQQQttQtgactgagQgQg 3200 
ttctaaGtdtcttttdgtttctcttgttgdCQgtadctdgtgtQgcddttdddgtttagddttttdQtQctgQctctctc 

• • • I ♦ • ♦ • * | * 

3156 3198 
Bell HboII 



gQggQaQgQQQgQCCQQQQtgQtttccQQtgagQgagtQtctQtgQtcGQgacQaQQttgQQagQQgQQQQgoitcQagQQQ 3280 
ctcctttctttctggttttQcttaggttQctctctcQtQgatactagttctgttttaQCtttcttcttttctQgttcttt 

• • . • *| * * i * * 

- - 3243 3263: 
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Bell . . HboII ■ : 



gQggQQQgQQagQCCQQQQt go.a t ccqq t gagagagtat ctatgQt cQQgacaaaa 1 1 gaciagQagaaaaga t cQagQQa 3280 
ctcctttctttctggttttQCttaggt tQctctctCQtagQtQctQgttctgt tttaactttcttct tttGtagttct tt 

EcoRIl ' : ' • ; ^3 . • oi 3263 / 

SexAI BsaBI Nspl 



QCCQggtttgacccacttQtggQggcQCQQggtQttgQcaQgaQtatacetgQtctQtQtcgacQtgcQggaQQtacgtt 3360 
tQgtccQQQctgggtgaatQcctccgtgttcctttQactgttctt.QtQtggactagQtQtQgctgtQcgtcctttQtgcQQ 

3281 3332 3343 

3282 Pial 

Bcgl' 



QgagQQcgQcgtQCQQgttQQQtcQgQgQtQttQQgttcQtQCQQcgQgtcQQatgcQQCQQgQctQQtoctcagQQQQg 3440 
tctcttgttgcdtgttcaQtttagtctctQtaQttcQQgtQtgttgctcagtttQcgttgttctgQttatgggtcttttc 

spei 3407 



tgagcagtQCdatgagatC^ 3520 

QCtcgtcatgttQctctQqtgatcQQcgtcQgtQgttgttgtcgttagagggtgtttcgtcttttgttQgtQtatQtttg. 

3460 V - + --- ■ Hpal , 

Nspl Hindll 

BsqOI HboII AfUII HboII ; Mfel 

I II. I. I I P stop 

gQactcaaacattgcaaaQgtgatg^ 3600 
cttgagtttqtaacgtttteactQCttcU^ 

- 3530 3545 ' 3567 3578 3589 

1 : 3567 3584 

3584 

QtCQQQtQQaQQQaQCQQCQCCgQQtQQatQgQGQaeQaQCQQCQgtQgatCQaQQCCtatCQQCQCQCaCQQQatCQag 3680 

tQgtttQttttttttgttgtggcttQtttQtctgttctttgttgtcatctQgtt.ttggQtQgttgtgtggtgtttagttc 

Vspl 

A Asal 
P end H start | 



CQqQqtqQaacaataqacatcaatcQQtatac |EaatQQqaQaQOj ttt |qqqattaQQ^ aQtaaQttaatcct,tgtccQoaa 3760 
QtctcactttqttatctQtaqttQqttQtQtqtttQttctttttQQQtcctQQtttcttQtrtQQttQggaQCQggtttt 



gtctcQCtttgt tatctgtagttagttatQtgt 

3743 
3743 
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Pldl 



tgQqtQtQQCtQQCtctgcQQtatQcacQttcccggagtcQtcQttctctgQgQQtggtcQtQtQgQQccQttQccQCtc 3840 
QctcQtQttgattgQgQcgttQtQtgtgtQagggcctcQgtQgtQQgQgQctcttQccagtQtQtcttggtQQtggtgag 



3796 PflMI BanHl 



QQQgtcQQtgQQCQgQgQQQQgcQgtQcctcQcottQgQgttgccQaQQtcggQQQtccQCCQQQQCQtggQtcccggtQ 3920 
tttcQgttQcttgtctcttttcgtcatggQgtgtQQtctcQQcggttttQgcctttQggtggttttgtQcctagggccQt 

3901 3910 

HboII 

Fokl MboII Tsp45I 

II .1 I 
tttggatgtcttcttQctcggcttcttcgQgQtggQQcgQQtcQQQgacaQQtQcgggQgtgtgQQtgatcttgacQgtg 4000 

QQQcctQCQgQQgQQtgQgccgQQgQQgctctQccttgcttQgt t tctgtttatgccctcQcacttQctQgQQGtgtcQC 



3924 3944 3998 

3929 

Snal 

Aval Bar I EcoRII 

I • • • I I 

QcccgggttQCQQagtttgtggctctggQtCQttQccQQtcggQttagccaoQtQCQCtgggQQtgaccaggQQttQttQ 4080 

tgggcccaatgtttcQQQCQCcgQgQCCtagtQQtggttQgcctQQtcggtttatgtgQCCtttQctggtccttQQtQQt 

i • • * • I i * 

4002 4057 ' 4068 

4002 

Bsrl MslI HboII 



CQQCtQQQCtggQCQtQgQQgtgQgQQgQQCQgtCQQQgCgQQQgQQatgQttgtttQtQCggtQCQQQQtQtQQQQCCQ 4160 

gttgQtttgacctgtQtcttcactcttcttgtcagtttcgctttctttQctQQcaQQtQtgccQtgttttQtQt tttggt 
| • I • | • • • • • * 

4088 4094 4105 

Avail / . ■ 

Styl ... : ; 

Ncol AccI 

Osal Bsrl SfaNI Mfo.1 Oral 

III I I I 

gaQctgtQcccQtggtccQgtQgactQQgaQQQggQQtgttgttcgatgccaQCQQQgttgctcttgctcctcaatgtct 4240 

1 ct tgacat gggtaccaggtcatct gat tct ttttcct tacaacaagctacggt tgt tcaacgagaacgaggagt tacaga 

I'll ' * I 1 i * I?.. 

4170 4177 4206 4228 4238 - 

4170 . 4180 • . • • 

4170 

4174 



Fig. Ih 
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HboH . Hfal Oral 



tccQCtagataggogcatQaaat tcagagtaatct tcgt taat t gtacggcaat tggatcQQtQacct t gt ttaaaot tc 4320 

QggtgQtctatcctcgtQtm 

• • * • | 1 • • ^ • * j ^ ^ • 

4273 - . 4291 4311 

BspMI 

BstXI SfoNI ■ PstI 

I ■ • l \ - : .< . II. 

ccQQgtcQQtggcQtcQctQtctctQeccQgcacQQtQtcQQtcQQtctgcQggtQCQCQtcQQGacQggggttcQgQCt .4400 
ggt tcagt taccgtagtgQtagagatgggtcgtgt tatagttagt tagQcgtccQtgtgtQgt 1 1 tgtccccQQgtctga 

I * I * * i 1 

4321 4332 4368 

\ - 4370 • 

Fokl HphI Avail Bell . 



gat tetQQagggatagtteQQQt tttggatgQgaQgggtgQQaQQtcQCtgQat ttcQtggtccQtctcggQttgQtcQQ 4480 
ctQagQtttccctatcaQgtttg^^ 



4427 " 4437 ' 4460 • 4474 

Seal 



QQgaaaagtQggcagaatgtactctgtcgQgtQctgtaaacagQQQatcgagaaQatgagQttgatatt t tctttgggat 4560 

ttcttttcatccgtcttacQtgQgQCQgctcQtgQCQtttgtcttttQgctcttttQctctaactQtQQQQgQaQccctQ 
, • | •• ' . • . • . • • 

- 4510 . 

Hsii BsaBi PvuI i ; 

HboII BsrI NspBII 

I I . I I I 

tQgttggQggQQtGQgtcttcQtgtcaQtgcaQGtgQtctQtQtcQQQQQcactQgcQQCtcQgctggtattcQaQagg 4640 

QtcaacctccttQgtcQgaQgtQLCDgttacgttgQcctagQtatQgtttttgtgatcgttcQgtcgQccatQQgttttcc 

4577 • 4593 4623 
, ,4581 4597 4623 

BsaBI 

■ I • ■ ■: . • -.' 

gQgQtttgttQtcccttQatggatctaaatccacatctCQQtctQgttatctgggcttcatcQgtagQgattQCQagQgt 4720 

ctctQQQcdQtagggQQttQcctQgQtttoggtgtQgQgttagatcoatQgQcccgQQgtagtcQtctctQQtgttctca 

• • | • • • • • * 

4662 

SfaNI 

Fokl ' - EcoRII 

II I 

ggQtgcQQttttccQQCcttctttQcctggcgQgttcQgQtQctatcctQacQttattgcaQQQggagttgggQaQQtcQ 4800 
cctQcgttQQQaggt tggaagQQQtgQQccgctcQagtctatgatQggQt tgtaatQQcgttttcctcQQCccttttQgt 

I I . • • I t t • • • • 



4721 4745 
4722 i-i 

Fig. h 
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Spel 



H end 

QQCQQtggQQCtQgtQQtCtCtQttttgQtCtggQtQtQtCtQttQQgCCQQQgCQQQtQQgQgQt|QQtCQQQQ(fcttj^ 4880 

ttqt tQccttqQtcQttQqaqQtqQaactQqQCCtatQtagatQat tcggtttcgtttQt tctct qttagtttttj gaqtc 
"| • • • • • • • 

4810 

Bbvl HboII 

F start F I , . • I 

gacaaQQgfiQgtcQQtQccQQCQQCtQttQgcQgccQCQCtcgctggQQCQQgQQQgQQgggQtQQQQQQagtttQQCQg 4960 
ctgttttdttcQgttQtggttgttgQtQatcgtcggtgtgagcgQCCttgttctttcttccctQtttttttcQQattgtc 
— * — — ' • • • I -' • • • * I 

4911 4960 

QQgQQQCQQQQQCQQQQQgCQgQgQQCQCCQgQQCQQCQQgQtCQQQQCQCCCQQCCCQCtCQQQQCgQQQQtCtCQQQQ 5040 

ttctttgtttttgtt t ttcgtgtct tgtggtcttgttgttctagtt t tgtgggttgggtgagttt tgcttttagagtttt 

• • t • • • • • 

• HslI 

BstXI SfoNI 



gQgattggcQQCQCQQCQQQcactgQQCQtdot^ccQQCctcQQtQctgctQattQttQCQaccQtgQttQtggcQtctt 5120 
ctctaaccgttgtgt tgtttgtgacttgtagtacggt tggagttQtgQGgattQQtQQtgttggtactQQtQccgtQgaQ 

• • * * • * | | * I " 

. 5103 5114 

5104 

* + ■ 

HslI Hpal HboII 

EcoRV • . Nspl . Hindll Fokl EcoRV 

I II I I I I 

tctgccQQQtQgatQtcQCQQaQctQCQgcQtgtaggtgtQt tggt taacagtcccaaagggatgaagatatcacaaQQC 5200 
QgQcqgtttatctQtQgtgttttgQtqtcgtQcatccQCQtaaccQQttgtcQgggtttccctQcttctQtQgtgttttg 

• I • II I * 'III* 

5132 5149 5165 5181 5188 1 .. - 

* ' 5150 5165 5 1 85 

Tsp45I 

EcoRV HboII Hphl 

I J. - 11 

tttgQQQCQQgatQtcatQttttgQgcctcQtQccQQQaQtQgQQgQttctQQCtcttgtggtgQccQQCQgQtCQQgcQ 5280 

QQQCtttgttctQtQgattQQaactcggQgtQtggtttttQtcttctaagQttgagaQCQCCQCtggttgtctQgttcgt 



5211 5243 5261 

5262 

Bell Fokl 



QtacQQgQggttattggQtQgactgatcattcctttQtatgatggattQQgQttQCQgQQggatgtgQtQgtgtccQatc 5360 

tQtgttCtCCQQtQQCCtQtCtgQCtQgtQQggQQQtQtQCtQCCtQQttCtQQtgtCttCCtQCQCtQtCOCQggttQg 

• « I • • • • I * * 

5304 5341 



Fig. .1/ 
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QQgQQ t ccqq t gQQQQCQC t gQCCCcagaQcaaaacgQt tct t tggaggggtaat tg gQac t a 1 1 gc t c t gggag t ggca 5440 
ttcttaggt tQcttttgtgactggggtcttgttttgGtQQgQQacctccccQttaaccttgQtQQcgagQCCctcQCcgt 



Acil : . p , T CacBl 
NspBIl . ^ 



QCCtCQgcQCQQQttQCQgcggcQgttgctctggttgQQgccQQgcQggcQQgQtcQgQCQttgQQQQQctCQQggQQgc 5520 

tggQgtcgtgt ttQQtgtcgccgtcQQcgQgQCGQQgttcgg.ttcgtccgttctQgtctgtQQCt 1 1 1 tgogt tccttcg 
• | | • • | j v * ' • * • 

5457 5480 
5459 5485 

Sdul 

. .- x . Sad EcoRII 

■ > '- Bsgl HgiAI Bcgl Avail, 



ao tcagggacacaaacQQagcgg t gcag t cag t ccagagc t ccat oggaoat 1 1 ga t agt agcQQt t Qaat egg tccQgg, 5500 
uagtccctg-tg ttt g tt tegtcac g t cag t c agq tctcgagq t at cc Utaaa c jajoat e g tjaatnag ccaggt cc_ _ 

" V . ' " * i ~ ™ v '' \ ~~'' ' ' i ~ ; i T ™ 

• '. 5543 ■ 5557 . 5582 5593 

- ; . / '5557 1 "' : . - 5596 . 

5557 ' 

Hindi! Hfel " Bbvl Eco57L 



attatgtcaacaaagaaatcgtgccatcaattgcgagattaggttgtgaagcagcdggacttcQgttaggaattgcatta 5580 
taQtacagttgttcctttagcQcggtagttaaegctctadtccaacQCttcgtcgtcctgaagtcaQtccttQacgtaQt 

5605 5628 5651 " 5660 

.-: • . HphI 



QCQcagcattactcQgaattaacaaacatattcggtgataacataggdtcattacaagaaaaagggataaaattacaagg 5760 
tgtgtcgtQQt gagtct taat tgt t tgtQtaagccactQt tgtQtcctagtaQtgt tc t tt t tccctQt 1 1 taatgt tec 

•• • , • i • * • ' " '• " v * 

5714 

SfaNI Acil ,. 

I . 1 ■-, ' > . 

tQtQgcatCQttQtQCCgCQCQQQtQtCQCQgQgQtQttCQCQQCQtCaQCQgttgatQQQtQtgQtQtttQtgQtCtQt 5840 

atQtcgtagtaatatggcgtgtt tatagtgtctctQtQQgtgttgtQgttgtcQQCtQtttQtQctatQQQtQctQgata 
I • *j #' • • • 

5765 5776 

HphI, Hindll HphI Plat 



tQtttQCQgaatcQQtQQQggtgQgQgttQtagQtgttgQct tgQQtgattQctcaatcQCCctccQQgtcQgactccct 5920 
QtQQQtgtcttQgttQtttccQCtctCQQtQtctQCQQctgQQCttQctQQtgagttQgtgggaggttcQgtetgQgggQ 

5860 5876 5898 5913 



Fig. IJc 
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Fokl 



ttattQQCtQgQCtgctgaQCQCCCQgQtttQcagQgtQgQttccQtQtcctQtQQCQtccQQQQCQgagQQtggtQtQt 6000 

aataat tgatctgacgQCttgtgggtctQaatgtctcQtctaaggtQtagtatQttgtaggtt ttgtctcttQccQtato 
• t • • • j • • • 

5977 

MboII 
Ksp632l 

Earl BspHI Bsml 

II I I 

ccctcttcccQgccQCQtcQtgQCQQQQggggcQtttctQggtggQgcQgQtgtcQQagQQtgtQtQgaagcQttcQgcQ 6080 
gggagaagggtcggtgtagtactgttt tccccgtQQagatccacctcgtctQCdgt t tcttacQtatct tcgtaagtcgt 
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QttgtggccQtcgatgtQgttgtttQQatQgtgtgtctQQtttcctQtgQcgttgggtctQcttcQQgaggtcatgtQgt 

„„ i2495 ' • - - : 125 4 8 ~ ' - - 

12550 

Fig. Ix 

SUBSTITUTE SHEET (RULE 26) 



WO 98/50405 PCT/US98/09270 

25/34 

Eso3lI 

Nspl BsnAI • 

Ms 1 1 AflHI BsqI BsaBI 



ttgQttQgggtcagcQgQttcQtaQcaatgtccQQtgQtaacQtgtGtatcQaggQQgctQQtgagQccQQQgQtQccQa 12640 
QQCtQQtcccQgtcgtctaQgtQttgttQCQggttQctQttgt-QCttgQtQgttccttcgattQctctggtttctatggtt 

• '| • '| ' * I * I 

■ : 12581 12601 12624 12633 

12601 12624 

12624 

Hpal /; Sspl 

■ Hindll Mil • MboII 



tcttQtttQtcQQCQQQtQatgttQQCQggQttQQgtgttt.tcgaQtQtttQtttQgQttQgQQgaQQCcacQggQCQCQ 12720 

QgQQtQQQtQgUgtttQttQCQQttgtCCtQQttCQGQGQQgCttQtQQQtQQQtCtQatCttCtttggtgtCetgtgt 
• 'I ''II* ' * I • •■ 

12662 12681 12702 
12662 12685 
■Bsg*~ ■ — . — P ™— ^- — _V5.pJ_^_AccL_ 



Ms I I ' SfaN 



MboII. . • Asel .Pie I 



accccatogt tQtgcQtctgcocatQgQQgQtgQgt gt tgcat tQaQgaaQgt'tt tQQtgatgagcQtQt taQtccQgog 12800 
tggggtQtCQQtaGgtQgQcgtgtQtcttctQctcQCQQCQtQQtt tctttcQQQQttactQctcgtatQQttQggtctc 
I . | | • I •. • ... -|' I t 

12725 12734 12747 12789 12798 .. 

12738 12789 12800 

Vspl Kpnl BsrBl 
Ase l Ban I Ac i I . 
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